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Abstract 	  
Triclocarban (3,4,4’-trichlorocarbanilide) (TCC) and Triclosan ( 2,4,4’-trichloro-2’-
hydroxydiphenyl ether) (TCS) are antimicrobials used extensively in soaps and 
detergents. They’re known to bypass wastewater treatment plants and bioaccumulate in 
aquatic sediments. Their accumulation leads to an increase in bacterial exposure, which 
may lead to both antiseptic and antibiotic resistance, known as cross-resistance. This 
study investigates the occurrence of cross-resistance with bacteria exposed to TCS and 
TCC in Lake Ontario sediments. Sediment samples were chosen at various sites with a 
high probability of TCS and TCC exposure. The bacteria were enriched with 5mg/L TCS 
(equivalent to environmental concentrations) and the top biodegraders were tested for 
antibiotic resistance. Relationships were seen with top TCS and TCC degraders in Lake 
Ontario and antibiotic resistance. A site along Durand Eastman Beach in Lake Ontario 
had TCS and TCC degraders that were resistant to almost 95% of common antibiotics. 
Few TCS and TCC degraders had little antibiotic resistance. Future applications with 
non-antibiotic resistant TCS and TCC degraders, however, could be used in wastewater 
treatment to decrease concentrations of antiseptics and therefore decrease bacterial 
exposure in our environment.	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The Development of Resistance to Antibiotics From Bacteria Exposed to Triclosan 
and Triclocarban in Lake Ontario  
Introduction 
 
Soaps and detergents are known to cause a variety of water pollution problems.  
They are typically surface acting chemicals and produce an envelope around organic 
substances that inhibits oxidation.  Most detergents are resistant to biodegradation, 
allowing them to persist in the environment for long periods of time.  Their persistence is 
commonly seen in rivers and streams by the presence of foams. 
Marketing has focused on strong and improved antiseptics for economic reasons; 
they’re now a billion-dollar-a-year industry.  However, synthetic compounds are being 
added to our soaps and detergents every day, with little public awareness concerning their 
unintended effects on the ecosystem and human health.  Recent studies suggest that 
bioaccumulation (the uptake of toxic chemicals from the environment), and 
biomagnification (the increase concentration of toxic chemicals as they move up the food 
web) may cause high doses of these compounds to exist in ecosystems (Pharmaceuticals, 
2010).  Little is known about their toxic effects in increased concentrations, however 
some of these compounds are found in organisms throughout the food chain, which is 
reason for concern.   
 Triclocarban (3,4,4’-trichlorocarbanilide) (TCC) and Triclosan ( 2,4,4’-trichloro-
2’-hydroxydiphenyl ether) (TCS) are antimicrobials found in 76% of human soaps (Cha 
& Cupples, 2009).  They’re also added to a variety of consumer products, such as 
toothpaste, mouthwash, plastics such as cutting boards, textiles, plastics, sports 
equipment, and furniture, but are found in the highest frequencies in soaps and detergents 
	  	   9	  
(Talia E. A. Chalew, 2009).  They contain chlorinated benzene rings, which makes them 
difficult to break down.  The U.S Geological Survey studied major water contaminants 
and found TCS and TCC were two of the most detected compounds and are found in the 
highest concentrations (Kolpin, Loraine, & Pettigrove, 2010).  A study conducted in 2003 
shows that 75% of people in the United States have TCC in their urine (Israel, 2003).  
Detectible levels of Triclosan have also been found in 97% of U.S. women’s breast milk 
(Erickson, 2010).   
TCS and TCC Toxicity 
 
 TCS and TCC are currently being monitored closely by the U.S. Environmental 
Protection Agency (EPA), and the US Food and Drug Administration (FDA), for their 
effects on human health.  The persistence of these chemicals may have adverse effects on 
species that are not intended targets.  While EPA estimates that toxicity of TCS does not 
occur in humans unless doses exceed 5000mg ingested orally, the accumulation of these 
compounds in aquatic environments may be harmful enough to critically affect sensitive 
organisms (EPA, 2008).  It has been shown that in aqueous solutions, triclosan has the 
ability to create a number of different dioxins, highly toxic environmental toxins, when 
exposed to sunlight (Marta Ricart, 2010).  In addition, studies have shown that high 
concentrations of triclosan are toxic to not only bacteria, but to other invertebrates (C. M. 
Foran, 2000) (DeLorenzo M.E., 2008).  The negative effects of TCS and TCC have also 
been observed with algae, affecting algal biomass, and river biofilm formations (Marta 
Ricart, 2010).  Although these compounds clearly have negative effects on smaller 
sensitive organisms, TCS and TCC’s effects on humans is still relatively unknown.   
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 While the U.S. does not recognize these compounds as serious environmental 
threats, some countries regulate the use of TCS and TCC.  In Europe, the compounds are 
prohibited from substances that come into contact with food.  Canada restricts the use of 
TCS by putting age restrictions on products where the compound can be ingested, such as 
lipstick. Germany suggests these compounds only be used for hospital use, and use 
should be restricted to an absolute minimum.  Unrestricted use of these compounds may 
lead to significant health and environmental impacts. 
Endocrine Disruption 	    
The studies have indicated that TCS and TCC are endocrine disrupters in some 
eukaryotic organisms (Kolpin, et al., 2010).  Endocrine disrupters are antagonistic 
compounds that interfere with the physiological hormone messaging system in the body 
of the organism that regulates all biological processes.  Figure 1 shows the two basic 
mechanisms for endocrine disruption.  
 
Figure 1 Two mechanisms of endocrine disruption.  The first mechanism involves the endocrine 
disruptor binding directly to the receptor, provoking a response.  The second mechanism involves the 
endocrine disruptor blocking the binding of the hormone (EPA, 2010). 
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Some endocrine disrupters are chemically similar to hormones, and can mimic 
their binding properties and cause a development response at inappropriate times.  Other 
endocrine disrupters can bind to the hormone-specific receptor and prevent the binding of 
the hormone, which inhibits the elicitation of a response.  Environmental toxins and their 
effect on the endocrine system and human diseases are just beginning to be understood, 
but in lab studies endocrine disrupters have been shown to disrupt development and 
reproduction in smaller mammals (Agency, 2010).  TCC and TCS are possible endocrine 
disrupters that potentially interfere with sexual and neurological behaviors.   
A TCS analysis has also suggested the compound may contribute to endocrine 
disruption, based on slightly androgenic development in the Japanese medaka fry 
(Oryzias latipes) (C. M. Foran, 2000).  Further analysis has shown an inhibitory effect on 
embryo development of the Zebra fish (Danio rerio).  Surviving organisms, when 
exposed to 500ug/L, suffered hatchling delay, edemas, and spine deformations (Rhaul 
Oliveira, 2009).  It has been observed that triclosan modulates thyroid-hormone gene 
expression in the metamorphosis of the North American Bullfrog (Rana catesbeiana) 
(Nik Veldhoen, 2006).  Tadpoles exposed to TCS levels equivalent to those found in the 
environment, 0.15micrograms/liter, showed increased hind limb development and a 
decrease in total body weight.  Also, exposure over a 24-hour period of time altered the 
thyroid hormone receptor mRNA expression (Nik Veldhoen, 2006).  
In a study conducted in 2007, male albino rats, (Rattus norvegicus), were treated 
with 5,10 and 20mg/kg body weight of TCS.  The rats developed extensive 
histopathological malformations in the testis and sex accessory tissues, as well as 
fluctuations in follicle stimulating hormone (FSH), cholesterol, pregnenolone, and 
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testosterone.  The treated rats also experienced a 30% decrease in testicular 3-HSD and 
17-HSD enzyme activities and reduced sperm counts.  The evidence shows TCS and 
TCC interfere with the hormone process in less sensitive organisms, demonstrating the 
need for additional studies for TCS and TCC’s impacts on humans (Kumar, 2007).  
Antibiotic Resistant Bacteria 
 
 The increase in strains of antimicrobial resistant organisms in recent decades is a 
reason for concern.  Antimicrobial resistant microbes are spreading faster than we can 
control, and the gastrointestinal flora is comprised of these resistant strains because they 
are becoming the dominant strains during antibiotic treatments (S. A Levin, 1999).  
Antimicrobials have similar methods in preventing the growth or destroying bacteria.  
Most act as disinfectants that oxidize sensitive proteins on bacterial surfaces, causing 
their cell walls to disrupt, and the cellular contents to spill out.  Antimicrobials kill off 
susceptible bacteria, while those members that have some innate resistance or acquire it 
through a mutation or gene exchange may survive through natural selection (Amanda 
Serafini, 2009).  Though the vast majority of bacteria in our environment are not harmful, 
the overuse of antimicrobials allow bacteria to adapt in an antimicrobial environment and 
possibly become pathogenic or convert other pathogenic bacteria into more severe strains 
through gene exchange convert.  Some studies suggest that bacteria possessing an 
adaptation allowing them to digest TCS and TCC may also lead to antibiotic resistance 
due to cross-resistance.  This means that bacterial species that developed resistance to an 
antiseptic may develop resistance to different antibiotics with similar structures, or 
coresistance, the acquired resistance to different types of antibiotics or mechanisms 
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(Yazdankhah, 2010).  A study using a strain of Salmonella enterica has been shown to 
develop the antibiotic resistance when exposed to TCS (Birosova & Mikulasova, 2008). 
There are many types of antibiotic resistant bacteria, such as Pseudomonas, 
Streptococcus, Clostridium, Salmonella, Escherichia, and Staphylococcus aureus.  
Certain strains of each of these species are capable of surviving exposure to a number of 
antibiotics and develop a permanent resistance to them (H, Chang, Toghrol, & Bentley, 
2010).  Antibiotic resistant bacteria are the leading cause of nosocomial infections in the 
United States and cause more than 40,000 deaths a year (Janssen & Wu, 2010).   
The genetic basis for antibiotic resistance in bacteria can be plasmid-mediated, involving 
resistance-conferring plasmids that have been transferred between species, or transposon-
mediated, which can insert into the plasmid or chromosome.  Bacteria have developed 
four known mechanisms of resistance to antimicrobial agents, shown in Figure 2.  The 
first method is to alter the receptor for the antimicrobial to prevent entry.  For example, S. 
pneumoniae stains are resistant to penicillin because of altered penicillin binding proteins 
(Baron, 1996).  The second method is to increase the removal of the drug, and therefore 
decrease its concentration inside the bacterial cell.  S. aureus decrease the level of the 
antibiotic by decreasing the uptake and increasing the efflux (pumps toxic substances 
outside of the cell).  This type of resistance is encoded on plasmids near insertion sites, 
and can readily acquire additional genetic information that can increase antibiotic 
resistance (Baron, 1996).  The third mechanism is to destroy or alter the antimicrobial 
using antimicrobial degrading or altering enzymes (Figure 2).  H. influenza strains have 
recently been discovered to provide a chloramphenicol transacetylase, making them 
resistant to chloramphenicol (Baron, 1996).  The fourth is to develop metabolic pathways 
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Figure 2  The four basic methods of bacteria developing antibiotic resistance. (The Science Creative 
Quartely) 
 
 
that lead to resistance.  Some streptococci have an altered hydrolytic (splitting of water) 
system that converts bactericidal antibiotics to bacteriostatics. 
Antibiotic resistant bacteria have the ability to transfer their resistant genes, which 
typically reside on their plasmids, to other bacteria via conjugation, transduction, and 
transformation.  One of the main causes of antibiotic resistance is over prescription of the 
antibiotic and too much exposure, making it easier for the bacteria to develop the 
mutation to digest the antibiotic (Erickson, 2010). 
 
TCS and TCC Exposure and Niche Construction 	  
 Exposure to antimicrobials affects the population dynamics of bacterial evolution 
by changing bacterial strain frequencies.  Antimicrobial resistant strains occur in nature 
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in very low populations, but consistent exposure to antimicrobials can create a specific 
niche that other bacteria strains can’t survive in.  Niche construction is the process of 
altering an environment and therefore changing the selection pressures exerted by that 
environment (Maciej F. Boni, 2005).  The frequency and concentration of the 
antimicrobial determines the strength of the selection, and the more niche constraints. 
 TCS and TCC act as antiseptics, and play a role in selecting only the bacteria that 
can break them down by using them as carbon sources, and therefore creating a very 
specific niche that not all bacteria can survive in.  Since other normal fauna will not be 
able to survive, TCS and TCC may preferentially select bacteria that are resistant to them. 
TCS and TCC are structurally similar to many antibiotics, therefore these compounds 
may select for bacteria that are also antibiotic resistant.  Larger than normal amounts of 
these resistant bacteria in our environment will likely lead to more instances of antibiotic 
resistant infections. 
Pathway for Bioaccumulation and Biomagnification 
 
 The accumulation of toxic chemicals from prey to predator leads to 
biomagnification of toxins atop the food web.  TCS and TCC are lipophilic compounds, 
favoring fatty tissue in humans and wildlife, where it accumulates (Marta Ricart, 2010).  
A number of studies have shown TCS and TCC to accumulate in a variety of organisms.  
TCC analysis with the freshwater oligchaete, Lumbriculus variegatus, indicates 
bioaccumulation rates from sediments at 364 micrograms TCC per lipid microgram per 
hour, equivalent with traditional hydrophobic organic contaminant paradigms 
(Christopher P. Higgins, 2009).  TCS and TCC are not limited to just freshwater 
	  	   16	  
organisms.  A recent study has found the accumulation of them in marine organisms, 
such as dolphins (Isreal, 2009). 
 Exposure to TCC and TCS can come from a variety of different pathways.  One 
major pathway is their known presence from the effluent in wastewater treatment plants.  
Four wastewater treatment plants were studied in Savannah Georgia for TCS and TCC 
concentrations in their effluent.  Based on the combined estimated totals, 138g of TCS 
and 214g of TCC are dumped into the Savannah River daily.  In the Ogeechee River, 
1.60 g/day of TCS and 1.64g.day of TCC are released in the effluent each day 
(Kurunthachalam Senthil Kumar, 2009).   
 Recent studies suggest the presence of these compounds in the Great Lakes (Gary 
Klecka C. P., 2010).  In Rochester NY, it is suggested that the effluents from the Frank. E. 
VanLare Wastewater Treatment Facility, for example, is one direct route for these 
compounds to end up in the aquatic environment.  Since its construction in 1917, the 
plant has been modified and expanded multiple times.  The plant is located on the shore 
of Lake Ontario and treats the entire population of Rochester NY, approximately 475,000 
people (County, 2010).  Wastewater from Rochester and the surrounding areas enters the 
plant via inducts shown in Figure 3. 
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Figure 3 Layout of Frank VanLare Wastewater Treatment Facility (VanLare Wastewater Treatment 
Facility - General Information) 
 
Preliminary treatment occurs with the solids entering through the inlet chamber 
and filtered out with screens and a grit tank.  The solids are then removed from the 
screens with a steel rake and sent to a landfill.  The sewage is then moved to the primary 
sedimentation basin shown in Figure 3.  Primary treatment occurs in the primary 
sedimentation tank, where sewage is held until the solids sink to the bottom and the 
floating contaminants rise to the top.  The resulting phases are treated separately by 
secondary treatment (County, 2010). 
 Secondary treatment removes the dissolved and suspended biological matter.  The 
solid effluent from the primary treatment is tested for phosphate concentration and must 
meet EPA standards.  If the concentration is too high, ferrous sulfate is used to precipitate 
the phosphate (County, 2010).  Secondary treatment involves a biological process.  The 
aqueous sewage is treated with microorganisms contained in activated sludge to break 
down contaminants, and this occurs in the aeration basin (Figure 4).   
The aqueous waste is then moved into the sedimentation basin to separate the 
biosolids.  The waste then moves to the disinfection stage in the chlorine tanks, where it 
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is disinfected with chlorine to remove any microbial pathogens.  Tertiary treatment, if 
needed, involves additional treatment with microorganisms to break down the 
contaminants and chlorine for disinfection.  The thickened sludge is then incinerated at 
1300 degrees Fahrenheit and sent to a landfill (County, 2010).  The chlorinated liquid 
phase is pumped into Lake Ontario. 
 
 
Figure 4 Mechanism for wastewater treatment in a standard wastewater treatment plant using the 
aeration method. (Scotland.gov) 
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VanLare treats on average 100 million gallons of sewage a day.  The resulting 
treated wastewater is carried out into Lake Ontario by a three-mile long pipe, and the 
natural currents carry the effluent elsewhere.  Chemicals such as antiseptics and 
detergents are rinsed down the drain and theoretically processed at VanLare.   
VanLare isn’t the only treatment plant in the Rochester, NY.  Smaller treatment 
plants, such as the Northwest Quadrant (Greece, NY) and the Webster wastewater plant, 
also treat domestic sewage, but not to the extent that Frank E. VanLare does.  
Additional studies have shown that not all chemicals are successfully treated at 
wastewater treatment plants (Cha & Cupples, 2009).  TCS and TCC have been shown to 
persist in nature and bypass wastewater treatment facilities (Kurunthachalam Senthil 
Kumar, 2009), (T.E.A Chalew, 2009) (Todd R. Miller, 2008) (Heinz Singer, 2002) 
(Cupples, 2009).  The incomplete removal of TCC and TCS in the wastewater treatment 
plants leads to the presence of these chemicals in our aquatic ecosystems.   
 It is suggested that not only are TCC and TCS incompletely removed from 
wastewater treatment plants, but that the effluent may leak out of sanitary sewers.  
Specifically at the VanLare facility, leaks may occur along the 3-mile pipeline, leading to 
the addition of more TCC and TCS in our surrounding freshwater ecosystems along 
Durand Eastman Beach.  The Frank. E VanLare plant is a combined sewer system that 
treats both sewage and storm water.  In the 1970’s sewage overflow was routinely 
dumped directly into Lake Ontario, now minimally treated sewage is dumped only during 
extreme storm and runoff events.  TCS and TCC are known to persist for up to 40 years 
in the environment (Kurunthachalam Senthil Kumar, 2009).  
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 Although significant upgrades have taken place at the Lake Ontario wastewater 
treatment plants over the past 30 years, increasing capacity needs and severe wet weather 
events can lead to decreased hydraulic retention times for waste biodegradation in the 
aeration tank and increase the chance of pollutants remaining in the effluent.  Severe wet 
weather events can cause overflows to occur, which can discharge in Lake Ontario and its 
tributaries.   
 Sherry pond, which is located next to the Frank E. VanLare treatment plant, has 
been shown to contribute significant amounts of E.coli to Lake Ontario, causing the 
Durand Eastman beach to close.  E. coli is a model organism for fecal contamination, so 
its increased concentration can be a significant indicator that fecal matter is entering into 
Durand Eastman beach from animal feces that is carried by untreated runoff.  Multiple 
outflows have also been detected along Lake Shore Blvd., where Durand Eastman 
tributaries drain into Lake Ontario (Figure 5).  Depending on currents and wind direction, 
the untreated runoff can find its way back towards shore, polluting Durand Eastman 
beach. 
	  
Figure 5 Outfall locations located along Lake Shore Blvd, parallel to Durand Eastman Beach.  Also 
located is the site location for sampling (see methods) (Michelle McEntire, 2010) 
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In addition, multiple tributaries that contain unfiltered storm water from smaller 
towns surrounding Rochester flow into Lake Ontario.  Hydrologic alterations in 
tributaries from dams and channels can alter the drainage patterns, which lead to 
increased runoff (Jack Bails, 2005).  Soaps and detergents from various outdoor cleaning 
products, for instance car wash products, are carried into the tributaries from runoff and 
can bioaccumulate into Lake Ontario.  The Genesee River drains only a few miles from 
Durand Eastman Beach.  The mouth of the Genesee and the adjacent beach are well 
known locally for their eutrophication problems (Michelle McEntire, 2010).
 Another potential pathway for the bioaccumulation of these chemicals is the 
presence of these chemicals in biosolids applied to agricultural soils.  Biosolids are the 
recycled solid products of wastewater treatment plants.  Literature has indicated that 
agricultural waste leaching into ground water is another possible pathway for TCC and 
TCS to end up in our reservoirs.  Farmers have been using biosolids for years to promote 
growth of agricultural crops and to reduce the need for chemical fertilizers.  According to 
the EPA, land application of biosolids takes place in all 50 states, while 50% of biosolids 
are recycled on land (Cha & Cupples, 2009).  According to the National Academy of 
Sciences; 
"the use of these materials in the production of crops for human consumption 
when practiced in accordance with existing federal guidelines and regulations, 
presents negligible risk to the consumer, to crop production and to the 
environment (Cha & Cupples, 2009)” 
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Yet according to the EPA, toxic chemicals such as PCB’s, dioxins, brominated 
flame retardants, detergents, and even some radioactive elements (though no tests have 
been developed yet to trace these elements in field research) may remain in treated sludge 
(Agency, 2002).  Research is ongoing in order to understand the fate of toxic chemicals 
in biosolids (Cha & Cupples, 2009).  Soils saturated with solid wastes can no longer act 
as good a filter of solids, and a large percentage of the chemicals can potentially leach out 
into surrounding aquifers. 
 In New York City, biosolids were once applied to marine environments, but the 
dismal condition of the harbors surrounding NYC demonstrated the need for change.  
Now most of New York State’s sludge is applied to land, but outside of the state.  
Understanding the large percentage of biosolids used as fertilizers every day and the 
persistence of TCC and TCS in them underscores the need for further bioremediation of 
these soils. 
Purpose 
 
 Research has documented the presence of TCS and TCC in our freshwater 
ecosystems.  The effect of these compounds on microorganisms is not well understood.  
This research proposes to test bacteria overexposed to the accumulation of TCS and TCC 
in Lake Ontario, from the Frank E. VanLare Wastewater, Northwest Quadrant, and the 
Webster wastewater plant effluent, and their presence in surrounding tributaries that may 
contribute to the development of resistance to a multitude of antibiotics.  If the 
experimental bacteria are able to survive exposure to these antiseptics, and also 
demonstrate strong resistance to antibiotics, then TCC and TCS may likely play a major 
role in the creation of a very specific niche that decreases the survival of other bacterial 
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strains, and preferentially selects antibiotic resistant bacteria.  The impact of these 
compounds on cross-resistance with antibiotics may contribute to the re-evaluation of 
their extensive use in soaps and detergents. 
 Specific bacteria that can tolerate and break down TCS and/or TCC have the 
potential to become an additional activated sludge treatment.  The addition of these 
bacteria in a controlled environment will increase degradation of these compounds and 
decrease environmental concentrations.  This research also proposes to test the 
biodegradation abilities of several bacterial strains able to degrade TCS and TCC, to 
determine possible wastewater treatments.  In addition, the abilities of said bacteria to 
degrade other recalcitrant compounds that are known to persist in the Great Lakes (such 
as Ibuprofen and Toluene) will also be studied to give further evidence for their use in 
treatment processes. 	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Materials and Methods:   
Lake Ontario and Hemlock Lake sediment sources 	  
The sediment sample locations in Lake Ontario were chosen based on the 
probability of TCS and TCC bacterial exposure.  Lake Ontario is one of the largest 
freshwater lakes in the world.  One of its main beaches, Durand Eastman, is adjacent to a 
large populated city, Rochester, NY.  Durand Eastman beach receives the contents from a 
number of different tributaries that are surrounded by both urban areas and farming lands.  
The treated effluent from the Frank. E. VanLare treatment plant contributes phosphate	  levels	  at	  least	  1mg/L	  and	  ammonia	  is	  between	  10	  and	  20	  mg/L	  each	  day	  	  (Steve	  Brand,	  plant	  manager	  at	  VanLare).	  	  These	  nutrients may end up along the 
shoreline of Durand Eastman Beach.  As discussed previously, the effluent likely 
contains TCS and TCC, where it accumulates in the sediments along the beach, making it 
an ideal location for sampling.  A Lake Ontario sediment sample was taken from the 
shoreline parallel to the Frank E. VanLare, shown in figure 5. 
The Frank E. VanLare primary effluent was also used as a sediment source.  It 
gave a comparison of the higher levels of untreated sewage to the treated, diluted sewage 
found on Durand Eastman Beach.  The untreated sewage carries with it both domestic, 
commercial, and hospital wastes.  The wastes contribute high amounts of antiseptics 
containing TCS and TCC.  It should be noted, however, that in addition to the antiseptics, 
antibiotics from the hospital wastes are also in the primary effluent at the treatment plant. 
The Genesee River is a significant source of water for Lake Ontario, and 
contributes a significant amount of pollution from the surrounding urban and farmland 
areas.  The animal wastes from farms may be a contributor to antibiotic concentrations in 
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the river basin.  Portions of the river’s outflow are known to flow along Durand Eastman 
Beach.  The Genesee River basin was another sample location that was used for TCS and 
TCC biodegradation testing. 
The Northwest Quadrant treatment plant is located in the town of Hilton, and is 
located on the southern shore of Lake Ontario.  The treatment plant treats 14 mgd of 
primarily domestic effluent.  The plant treats the northwest portion of Rochester, which is 
highly populated.  As with Frank E. VanLare, the treated effluent from the plant flows 
out into Lake Ontario.  A sediment sample was taken from the shore outside the treatment 
plant at this location. 
Webster, NY is located east of Rochester.  One of its primary wastewater 
treatment plants is on Webster Rd, where its activated sludge treatment treats a majority 
of the town’s sewage.  Like Frank E. VanLare’s effluent, Webster’s effluent flows about 
500 ft into Lake Ontario.  The plant treats less than a tenth of the volume handled by 
Frank E. VanLare, around 3 mgd, however, some domestic sewage may contribute TCS 
and TCC.  A sediment sample was taken along the shoreline outside of Webster’s 
treatment plant.   
Hemlock Lake is an essentially pristine lake that is heavily regulated due to the 
fact that it is one of Rochester’s drinking water sources.  Hemlock Lake receives water 
from its forested tributaries and is frequently tested for contaminants (TCS and TCC, 
however, are not considered contaminants in New York State).  It does not receive any 
effluents from sewage treatment plants.  Hemlock Lake was chosen as a sediment source 
for comparison with Lake Ontario sediments.  Because Hemlock Lake receives little to 
no domestic sewage, it would theoretically contain little TCS or TCC concentrations.  
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Samples were stored at 4 degrees Celsius until used for experiments. 
 
Isolation and Characterization of TCS and TCC Degrading Bacteria Isolated by 
Enrichment Techniques from a Lake Ontario and Genesee River Sample 
 
 Lake Ontario and Genesee River bacteria were cultured in 25 ml Culture flasks 
and designated T=0 (Day 0).  Culture conditions were 9.7ml of Bushnell Haas, 0.2ml of 
Lake Ontario or Genesee River water/sediment sample, and 0.1 ml of stock TCS or TCC 
solution (carbon source, equal to 5mg TCS or TCC dissolved in 10ml of 70% ethanol, 
yielding a final concentration of 5mg/L in the culture flask).  The flask was incubated in a 
shaking incubator at 27 degrees Celsius at 140rpm for 3 days.  Each culture was serially 
diluted with 0.1% peptone to 10E-7 and cultured on Plate Count Agar plates (PCA).  The 
plates were incubated for 3 days at 27 degrees Celsius.  The colony formations and 
characteristics were recorded at given time points in CFU/ML at 168 hours.  
Enriched bacterial samples from T=0 days were cultured in new 125ml flasks 
after 3 days and labeled T=3.  Culture conditions were 9.7ml of Bushnell Haas media, 
0.2ml of T=0 enriched sediment samples, and 0.1 ml of the carbon source.  The flask was 
incubated in a shaking incubator at 27 degrees Celsius at 140 rpm for 3 days.  Cells were 
subcultured every 3 days, up to 21 days with the same culture conditions. 
The enriched bacterial sample from T=21 was serially diluted with 1ml of culture 
in 0.1% peptone to 10E-9 and cultured on PCA plates at each dilution.  The plates were 
incubated for 3 days at 27 degrees Celsius.  The colony formations and characteristics 
were recorded at given time points in CFU/ML at 24, 48, and 72 hours.  Randomly 
selected different isolated colonies from each sediment sample were cultured on new 
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PCA plates.  The plates were designated with the carbon source and number (ex. LO1-
TCS, LO2-TCC etc.).  The PCA plates were incubated at 27 degrees Celsius for 48 hours.   
Bacterial Characteristics and Gram-stain Classification 
 
Microorganisms before enrichment and after enrichment with TCC and TCS were 
compared.  Both colony counts and colony morphology were determined to compare the 
effects of TCS and TCC on colony communities.  Bacterial isolates chosen after 
enrichment were characterized via morphology and pigmentation.  Each isolate was 
tested with standard Gram-staining techniques in order to determine the primary Gram-
stain classification following enrichment. 
Growth of Bacterial Cultures from Enrichment Sediment Samples 
 
 Each isolated bacterial sample was inoculated in 16 by 100mm sterile test tubes.  
Test tubes contained 3ml TB Dry growth media and were inoculated for 72 hours at 27 
degrees Celsius.  Cultures were aseptically added into separate 50ml sterile corning 
centrifuge tubes and centrifuged for 5 minutes at 14,000 rpm.  The supernatant was 
poured off and the pellets were resuspended in 3.0ml of sterile Bushnell Haas.   
 The bacterial cultures were inoculated into a 96 well micro titer plate, shown in 
Figure 6.  Culture conditions included 180 microliters of Bushnell-Haas and 20 
microliters of cells in all wells.  Row A, which was control 1, contained only Bushnell 
Haas, 70% ethanol and the carbon source.  Row B, or Control 2, contained Bushnell Haas, 
cells, and 70% ethanol.  Row C contained Bushnell Haas, cells, and enriched bacterial 
sample.  Similar procedures took place in rows E through G with a different bacterial 
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clone, with row D remaining empty to avoid accidental contamination.  The microtiter 
plate was incubated at 27 degrees Celsius for 10 days in a shaking incubator at 1000rpm.   
 
 
Figure 6 The basic layout of a 96 well microliter plate.  Each circle represents a well that will be 
inoculated.  The rows are designated with letters A through H.  The columns are designated with numbers 1 
through 12 (Wiley Media). 
 
 
Absorbances were taken from the corresponding column on days 0, 1, 2, 4 and 7, 
9 and 14.  Cuvettes contained 1.2ml Bushnell Haas and 0.3ml of each test sample.  The 
Gensys 20 spectrophotometer was blanked with Bushnell Haas at 600nm.  Absorbance’s 
were also taken at 600nm, and multiplied by 5 to account for the dilution factor.  
Qualitative Characterization of Growth of Positive Clones from Microtiter Plates 
 
 Enriched cell samples that demonstrated positive growth were aseptically 
inoculated three days prior to experiment with 3ml TB Dry in 16 by 100mm sterile test 
tubes.  The test tubes were incubated at 27 degrees Celsius for 3 days.   
 Cultures were separated into 50ml sterile centrifuge tubes.  Tubes were 
centrifuged for 5 minutes at 14,000 rpm.  Supernatant was poured off and pellets were re-
suspended in 5ml Bushnell Haas.  Samples were cultured in 125ml culture flasks.  
Culture conditions were 9.7mls of Bushnell Haas, 0.2mls of cells, and the 0.1ml of the 
carbon sources.  Two controls for each bacterial isolate were used.  Control 1 contained 
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Bushnell Haas and the carbon source.  Control 2 contained Bushnell Haas, cells, and 70% 
ethanol. 
Absorbances were taken from flask samples on day 0, 1, 2, 4 and 7, 9, and 14.  
Cuvettes contained 1.2ml Bushnell Haas and 0.3ml of cells taken from each flask.  The 
Gensys 20 spectrophotometer was blanked with Bushnell Haas at 600nm.  Absorbencies 
were also taken at 600nm, and multiplied by 5 to account for the dilution factor.  Figure 7 
shows an example of the plate dilution of the Hemlock Lake sediment sample after the 
enrichment. 
 
Figure 7. Hemlock Lake enrichment example showing the reduction in bacterial colonies as 
the plate dilutions increase 
 
Biodegradation from Enriched Bacteria Measured via Carbon Dioxide Evolution in 
Biometer Flasks (Quantitative) 
 
 Cultures were prepared three days prior to this experiment.  Four chosen isolates 
were inoculated aseptically in 3ml TB dry in 16 by 100mm culture test tubes.  The 
bacterial isolates were incubated at 27 degrees Celsius for three days.  Cells were added 
to separate 50ml centrifuge tubes.  The tubes were centrifuged for 5 minutes at 
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13,000rpm.  The supernatant was poured off and the cells were re-suspended with 1.0ml 
of Bushnell Haas medium.  Biometer flasks, shown in Figure 8 were set up  
 
 
Figure 8 A standard biometer flask setup. Samples are inoculated into the bottom portion of the main 
flask while KOH is placed into the sidearm.  The CO2 absorber used were ascarite pellets to prevent CO2 
from entering the flask.  The syringe is used to periodically take out the KOH to be titrated with HCL.  
NEW KOH is added to the sidearm after every titration. (Methods in Soil Microbiology) 
 
with 48ml Bushnell Haas, 1.0ml of cells, and 1.0ml of the carbon source.  
Around 5 grams of ascarite pellets were added to the ascarite tower.  10ml of 
0.2N Potassium Hydroxide (KOH) was added to the side arm and the stopper was 
replaced.  Biometer flasks were incubated at 27 degrees Celsius for 7 days.  KOH 
containing Carbon Dioxide was measured on days 1, 3, 5, and 7.  At various time 
intervals, the stopcock to the ascarite tower was opened and the stopper was removed.  
KOH from the sidearm was transferred to a 125ml flask with a syringe and sealed with a 
rubber stopper.  The side arm was refilled with 10ml of 0.2N KOH.  The stopcock was 
closed and the top rubber stopper on the tower replaced.  1ml of saturated Barium 
Chloride and 0.1ml of Phenolphthalein was added to the flask and is used to measure the 
Carbon Dioxide in the KOH.  KOH was titrated with 0.05N Hydrochloric Acid (HCL) 
until the solution turned colorless.  The volume of HCL needed to neutralize the KOH 
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from the experimental samples was recorded.  The stock solution of KOH was titrated 
with 0.05N HCL for a control.  The volume of HCL needed to neutralize the 
experimental KOH was subtracted from the volume of HCL needed to neutralize the 
unexposed control KOH.  The difference was multiplied by 50 to determine the 
micromoles of Carbon Dioxide per ml. 
 Isolates were cultured onto agar plates containing Luria Bertani growth media and 
5mg of TCS or TCC for sterility and to maintain a selection pressure on the isolates. 
Determination of Bacterial Resistance to Antibiotics 
 
Isolates were streaked aseptically onto Mueller Hinton plates using a swab 
inserted into a liquid culture.  Antibiotic disks were evenly placed onto the plate.  Plates 
were incubated for 48 hours in an incubator set at 27 degrees Celsius.  The zone of 
inhibition was measured to characterize resistance.   
 Isolates that demonstrated antibiotic disk resistance were inoculated into 24 well 
microtiter plates.  Culture conditions included 1.8mls Bushnell Haas media, 0.18ml stock 
ampicillin solution (1g/ml), 0.02ml stock TCS or TCC solution (5mg/L), and 10 
microliters of cells.  Cells were grown in a shaking incubator at 27 degrees Celsius for 14 
days.  Each microtiter plate contained two controls.  Control 1 contained Bushnell Haas 
and carbon source.  Control 2 contained Bushnell Haas, cells, and 70% ethanol. 
Absorbances were taken at days 0, 1, 3, 7, 9, and 14.  Cuvettes contained 1.2ml Bushnell 
Haas, and 0.3ml test sample.  Positive cultures will also be tested with 100 µg ampicillin 
and kanamycin LB plates for further evidence of antibiotic resistance 
Data Analysis 	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For each isolate, doubling times and growth rates were developed for comparison.  
The isolates growth rate and doubling time were developed using the absorbance growth 
curves when exposed to TCS and TCC as the sole carbon source.  The growth rate and 
doubling time need to be calculated during the exponential growth phase, or when the 
bacteria have the fastest growth rates.  Figure 9 shows the standard phases in bacteria 
growth. 
 
Figure 9. The standard phases in bacterial growth. 
 
 
 Logarithmic transformations (log10 of each absorbance) were developed in order 
to find the most linear portion of the growth curve, and therefore most accurate region to 
calculate growth.  Figure 10 shows an example of the Durand Eastman organisms and the 
logarithmic transformation of the absorbance growth curve.   The most linear portion of 
each isolates curve during exponential phase is during days 1 through 3, which is the time 
period that yields the most accurate growth rate and doubling time. 
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Figure 10. Logarithmic transformation of Durand Eastman Beach isolates 
The three isolates were cultured in TB dry for 3 days, then centrifuged at 13,000 rpm for 5 minutes and re-
suspended in 1ml of Bushnell Haas.  Culture conditions were 9.6ml Bushnell Haas medium in a 125ml 
flask, 0.2ml cells, and 0.2ml of Triclosan (5mg/L).  Cultures were incubated at 27 degrees Celsius shaking 
at 140rpm.  0.3ml of culture was removed at various times, diluted with 1.2ml sterile Bushnell Haas 
medium and the absorbance was read at 600nm.  The log 10 of the absorbances was taken to further assist 
in the determination of linear exponential growth. 
 
 Growth rates were determined for each isolate using the most linear data during 
exponential growth. For each isolate, the growth rate was determined using the example 
equation below. 
ln (Abs day 3) – ln (Abs day 1) = µ 
Δ time (day) 
 
The growth rate was then converted into hours instead of days by dividing by 48 hours. 
Using the growth rate, the doubling time was determined using the equation below.  
 
 
 
ln 2 = .693 = td 
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Results 
 
Characteristics of top TCS and TCC degraders in Lake Ontario and Hemlock Lake 
 
The colony morphology and pigmentation was examined before and after the 
enrichment with Triclosan or Triclocarban to determine the change in bacteria 
community structure after exposure.  Table 1 shows the differences in colony 
morphology and pigmentation of the bacteria in the Lake Ontario and Hemlock Lake 
sediment samples after the Triclosan enrichment.   
It’s clear that a change in community structure has occurred following 21 days of 
exposure to TCS.  Both the colony counts increased as well as a change in colony 
morphology.  Prior to the enrichment with Triclosan, a diverse range in pigmentation was 
seen.  Afterwards, the majority of the colonies were small and white, with a few orange 
and yellow showing up sporadically in some of the sediment samples.  Also, the size of 
the colonies decreased after the enrichment, yielding much smaller round colonies. 
The differences in colony morphology and pigmentation in the sediment samples 
following enrichment with Triclocarban is shown in Table 2.   
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Table 1. Differences in colony morphology and pigmentation in Lake Ontario and 
Hemlock Lake sediment samples before and after Triclosan enrichment. Lake 
Ontario and Hemlock Lake sediment samples were enriched with 5mg/L of Triclosan. 
Sediments were inoculated into 125ml flasks.  The culture conditions include 9.7ml 
Bushnell Haas, 0.2ml of sediment sample, and 0.1ml of stock Triclosan/Ethanol (5mg/L).  
The flasks were stored in a shaking incubator at 27 C for 21 days.  The cultures were 
plated on days 0 and days 21 to examine microbial morphology and pigmentation.  1ml 
of each culture was serially diluted with 0.1% peptone broth (pH 7.2) to 10E-8 and 0.1ml 
was inoculated on PCA plates at each dilution.  The plates were incubated for 48 hours at 
27 C.  The colony morphology and pigmentation were recorded before and after 
enrichment. 	  
Sediment 
Source 
Before 
Enrichment Morphology 
Counts After 
Enrichment (Day 
21) 
Morphology 
Frank E. 
VanLare 
wastewater 
36 colonies 
All white, and 
round. 
Varying in 
size 
Dense bacterial 
lawn 
Mostly small 
round and 
white, one 
large orange 
Durand 
Eastman Beach 
(Lake Ontario) 
25 colonies Small round and white 
Dense bacterial 
lawn 
small white 
round 
colonies, 3 
large orange 
colonies 
Basin of 
Genesee River 
(Lake Ontario) 
140 colonies 
Mostly round 
white, 
varying in 
size, 7 small 
round yellow 
Dense bacterial 
lawn 
200 small 
round white 
colonies 
Webster 
wastewater 
treatment 
plant (Lake 
Ontario) 
66 colonies 
All small 
white and 
yellow round 
colonies 
Dense bacterial 
lawn 
Small round 
white 
colonies 
Northwest 
Quadrant 
(Lake Ontario) 
104 colonies 
Small white, 
yellow, and 
pink colonies 
Dense bacterial 
lawn 
Small round 
white and 
yellow 
colonies 
Hemlock Lake 47 colonies Small white colonies 
Dense bacterial 
lawn 
Mostly small 
round and 
white, some 
small yellow 
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Table 2. Differences in colony morphology and pigmentation in Lake Ontario and 
Hemlock Lake sediment samples before and after Triclocarban enrichment. Lake 
Ontario and Hemlock Lake sediment samples were enriched with 5mg/L of Triclocarban.  
Sediments were inoculated into 125ml flasks.  The culture conditions include 9.7ml 
Bushnell Haas, 0.2ml of sediment sample, and 0.1ml of stock Triclocarban/Ethanol 
(5mg/L).  The flasks were stored in a shaking incubator at 27 C for 21 days.  The cultures 
were plated on days 0 and days 21 to examine microbial morphology and pigmentation.  
1ml of each culture was serially diluted with 0.1% peptone broth (pH 7.2) to 10E-8 and 
0.1ml was inoculated on PCA plates at each dilution.  The plates were incubated for 48 
hours at 27 C.  The colony morphology and pigmentation were recorded before and after 
enrichment. 	  
Sediment 
Source 
Before 
Enrichment  Morphology 
After Enrichment 
(Day 21) Morphology 
Frank E. 
VanLare 
wastewater 
36 colonies 
All white, and 
round. 
Varying in 
size 
Dense bacterial 
lawn 
Small and 
large round 
white colonies 
Durand 
Eastman 
Beach (Lake 
Ontario) 
25 colonies Small round and white 
Dense bacterial 
lawn 
Small round 
white colonies 
Basin of 
Genesee River 
(Lake Ontario) 
140 colonies 
Mostly round 
white, varying 
in size, 7 
small round 
yellow 
Dense bacterial 
lawn 
Small round 
white, orange, 
and yellow 
colonies 
Webster 
wastewater 
treatment 
plant (Lake 
Ontario) 
66 colonies 
All small 
white and 
yellow round 
colonies 
Dense bacterial 
lawn 
Small round 
white colonies 
Northwest 
Quadrant 
(Lake Ontario) 
104 colonies 
Small white, 
yellow, and 
pink colonies 
Dense bacterial 
lawn 
Small round 
white colonies 
Hemlock Lake 47 colonies Small white colonies 
Dense bacterial 
lawn 
Mostly small 
round white 
colonies, 3 
medium 
yellow 
 
Again, changes in size, diversity, number, and pigmentation occurred.  The 
number of colonies increased after 21 days of exposure to TCC.  Similar to the Triclosan 
	  	   37	  
enrichment, the size of each colony decreased.  Their morphology was similar, however, 
the enrichment with TCC yielded more smaller, white colonies than with TCS. 
Individual colonies were chosen for further experimentation.  As many isolated 
colonies as possible were cloned, with careful attention given to make sure no more than 
one colony was cloned onto a new plate.  After 24 hours of growth, each isolate was 
inoculated into 96 well microtiter plates with the corresponding carbon source.  The 
plates were placed in a shaking incubator for 7 days, and the positive clones, or those that 
exhibited the most growth with TCS or TCC (top three if there were more), were 
examined further. 
The isolates that were chosen based on their positive growth are shown in Table 3.  
The isolate’s nomenclature is based on their corresponding water and carbon source they 
were enriched with.  As expected, the majority of the isolates were small, round, and 
white.  Some colonies from the wastewater sediment were filamentous and white.  Only a 
few yellow and orange colonies demonstrated positive growth.  Figure 11 shows one 
clone that was isolated from the wastewater sediment.  Gram stains done on isolates show 
that many of the clones were Gram-negative rods, which are the most common in water 
sources.  One Gram-positive rod and one gram positive cocci were found in all isolate 
clones.  
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Table 3. Top TCS/TCC degraders in Lake Ontario and Hemlock Lake, their 
descriptions and Gram stain results. Lake Ontario and Hemlock Lake sediment 
samples were enriched with 5mg/L of TCS or TCC.  Sediments were inoculated into 
125ml flasks.  The culture conditions include 9.7ml Bushnell Haas, 0.2ml of sediment 
sample, and 0.1ml of stock Triclocarban/Ethanol (5mg/L).  The flasks were stored in a 
shaking incubator at 27 C for 21 days.  The cultures were plated on day 21 to isolate 
colonies.  1ml of each culture was serially diluted with 0.1% peptone (pH 7.2) to 10E-8 
and 0.1ml was inoculated on PCA plates at each dilution.  The plates were incubated for 
48 hours at 27 C.  Individual isolated colonies were inoculated aseptically on fresh 
LB/Triclosan or Triclocarban plates.  The plates were incubated for 48 hours at 27 C.  
Standard Gram stain procedures were done in duplicate. 
 
Isolate Colony Description Gram Stain 
Wastewater 1-TCS Small Round White Negative Rod 
Wastewater 2-TCS White Filamentous Matt Negative Rod 
Wastewater 4-TCC Small Round Yellow Negative Rod 
Wastewater-2-TCC White Filamentous Matt Negative Rod 
Durand Eastman 1-TCS Small Round White Negative Rod 
Durand Eastman A-TCS Small Round Orange Positive Rod 
Durand Eastman 4-TCS Small Round White Negative Rod 
Durand Eastman 1-TCC Small Round White Negative Rod 
Durand Eastman 2-TCC Small Round Yellow Negative Rod 
Durand Eastman 3-TCC Small Round White Negative Rod 
Genesee River A-TCS Small Round White Negative Rod 
Genesee River B-TCS Small Round Light Yellow Negative Rod 
Genesee River C-TCS Small Round White Negative Rod 
Genesee River 1-TCC Small Round White Negative Rod 
Hemlock Lake 1-TCS Small Round White Negative Rod 
Hemlock Lake 2-TCS Small Round Yellowish Orange Negative Rod 
Hemlock Lake 3-TCS Small Round White Negative Rod 
Hemlock Lake 1-TCC Small Round White Negative Rod 
Hemlock Lake 2-TCC Small Round White Negative Rod 
Hemlock Lake 3-TCC Small Round White Negative Rod 
Webster 1-TCS Small Round White Negative Rod 
Webster 2-TCS Small Round White Positive Rod 
Webster 3-TCS Small Round White Negative Rod 
Webster 1-TCC Small Round Yellow Negative Rod 
Webster 2-TCC Small Round Yellow Negative Rod 
Webster 3-TCC Small Round White Negative Rod 
Northwest Quad 1- TCS Small Round White Negative Rod 
Northwest Quad 2- TCS Small Round White Negative Rod 
Northwest Quad 3- TCS Small Round Orange Negative Rod 
Northwest Quad 1- TCC Small Round Yellowish Orange Positive Cocci 
Northwest Quad 2- TCC Small Round White Negative Rod 
Northwest Quad 3- TCC Small Round White Negative Rod 
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Figure 11. Wastewater 4-TCC, isolated from the Frank E. VanLare primary effluent. 
 
Lake Ontario and Hemlock Lake’s isolates growth using TCS and TCC as the sole 
carbon source 	  
Figure 12 is an example of the growth of the two Frank E. VanLare primary 
effluent (wastewater) isolates that demonstrated positive TCS degradation.  Two controls 
for each isolate were used.  One control contained just the Bushnell Haas and TCS.  This 
control guaranteed that the Bushnell Haas was not contaminated.  The second control 
contained Bushnell Haas, the isolate, and equivalent amounts of ethanol to that used to 
dissolve the carbon source.  Figure 12 shows the isolates grew more utilizing TCS than 
just with the ethanol.  Both wastewater isolates grew with TCS as the sole carbon source.  
Figure 13 is an example of the growth of the wastewater isolates that utilize TCC as a 
sole carbon source. 
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Figure 12. Growth of wastewater isolates with Triclosan 
Both isolates were cultured in TB dry for 3 days, then centrifuged at 13,000 rpm for 5 minutes and re-
suspended in 1ml of Bushnell Haas.  Culture conditions were 9.6ml Bushnell Haas medium in a 125ml 
flask, 0.2ml cells, and 0.2ml of Carbon Source (5mg/L).  Cultures were incubated at 27 degrees Celsius 
shaking at 140rpm.  0.3ml of culture was removed at various times, diluted with 1.2ml sterile Bushnell 
Haas medium and the absorbance was read at 600nm.  
 
 
Figure 13. Growth of wastewater isolates on Triclocarbon 
Both isolates were cultured in TB dry for 3 days, then centrifuged at 13,000 rpm for 5 minutes and re-
suspended in 1ml of Bushnell Haas.  Culture conditions were 9.6ml Bushnell Haas medium in a 125ml 
flask, 0.2ml cells, and 0.2ml of Carbon Source (5mg/L).  Cultures were incubated at 27 degrees Celsius 
shaking at 140rpm.  0.3ml of culture was removed at various times, diluted with 1.2ml sterile Bushnell 
Haas medium and the absorbance was read at 600nm.  
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Both isolates grew better utilizing TCC than just with ethanol.  Wastewater 2-TCC had 
higher absorbance after day 3 than wastewater 4-TCC.  
Figures 14 and 15 are other examples that show the growth of the Durand 
Eastman Beach (Lake Ontario) isolates on TCS and TCC respectively.   
 
Figure 14. Growth of Durand Eastman Beach Isolates on Triclosan 
The three isolates were cultured in TB dry for 3 days, then centrifuged at 13,000 rpm for 5 minutes and re-
suspended in 1ml of Bushnell Haas.  Culture conditions were 9.6ml Bushnell Haas medium in a 125ml 
flask, 0.2ml cells, and 0.2ml of Carbon Source (5mg/L).  Cultures were incubated at 27 degrees Celsius 
shaking at 140rpm.  0.3ml of culture was removed at various times, diluted with 1.2ml sterile Bushnell 
Haas medium and the absorbance was read at 600nm. 
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Figure 15. Growth of Durand Eastman Beach Isolates on Triclocarbon 
Both isolates were cultured in TB dry for 3 days, then centrifuged at 13,000 rpm for 5 minutes and re-
suspended in 1ml of Bushnell Haas.  Culture conditions were 9.6ml Bushnell Haas medium in a 125ml 
flask, 0.2ml cells, and 0.2ml of Carbon Source (5mg/L).  Cultures were incubated at 27 degrees Celsius 
shaking at 140rpm.  0.3ml of culture was removed at various times, diluted with 1.2ml sterile Bushnell 
Haas medium and the absorbance was read at 600nm.  
 
Both controls were used for each isolate. Each isolate grew better utilizing TCS or 
TCC as the sole carbon source.  The Durand Eastman Beach isolates using TCS had 
much larger absorbances than the isolates utilizing TCC from the same sediment sample.  
While the TCS utilizing isolates has similar growth patterns, one of the TCC utilizing 
organisms peaked in absorbance at day 3 and ended up having a much lower absorbance 
that the other two after day 10. 
Table 4 shows the growth of the remaining isolates using their respective carbon 
sources, TCS or TCC. 
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Table 4. Growth of remaining isolates using TCS and TCC as their sole carbon 
source. 
 
Isolates Days 
 3 7 10 
Control 1 - Bushnell Haas/TCS 0 0 0 
Control 2- BH/Ethanol/Cells 0.099 0.141 0.145 
Genessee River-A-TCS 0.08 0.146 0.096 
Genessee River-B-TCS 0.345 0.337 0.332 
Genessee River-C-TCS 0.431 0.492 0.484 
Genesee River 1-TCC 0.219 0.341 0.454 
Hemlock Lake 1-TCS 0.118 0.342 0.405 
Hemlock Lake 2-TCS 0.101 0.319 0.367 
Hemlock Lake 3-TCS 0.122 0.333 0.374 
Hemlock Lake 1-TCC 0.121 0.257 0.305 
Hemlock Lake 2-TCC 0.219 0.303 0.346 
Hemlock Lake 3-TCC 0.163 0.216 0.318 
Northwest Quad 1-TCS 0.324 0.456 0.619 
Northwest Quad 2-TCS 0.247 0.389 0.567 
Northwest Quad 3-TCS 0.271 0.345 0.485 
Northwest Quad 1-TCC 0.334 0.456 0.504 
Northwest Quad 2-TCC 0.319 0.439 0.517 
Northwest Quad 3-TCC 0.245 0.345 0.568 
Webster 1-TCS 0.187 0.243 0.335 
Webster 2-TCS 0.199 0.272 0.341 
Webster 3-TCS 0.168 0.247 0.282 
Webster 1-TCC 0.191 0.231 0.305 
Webster 2-TCC 0.173 0.212 0.362 
Webster 3-TCC 0.185 0.264 0.218 
 
	  	   44	  
Generally, higher maximum absorbances were seen with TCS degraders, although 
variations occurred among the organisms.  Most of the isolates maximum absorbances 
peaked on day 10 of the experiment.  Durand Eastman Beach and the Genesee River 
isolates had the highest maximum population densities, or the most affinity for TCS or 
TCC from constant exposure.  Hemlock Lake had lower maximum population densities 
compared with Durand Eastman and the Genesee River.  The Webster isolates, which 
were isolated outside of the treatment plant, had the lowest maximum population 
densities and therefore the lowest affinity towards the carbon sources. 
 
Verification with CO2 evolution 
 
The CO2 evolution method using biometer flasks is common for measuring 
aerobic biodegradation of organic compounds with sediment samples, and can be used to 
complement the absorbance method.  In this experiment, the evolved CO2 is captured in 
the sidearm with KOH and titrated with HCl to measure the biodegradation of TCS and 
TCC with each isolate.  The millimoles of CO2 can be calculated to determine the 
amount of mineralization of the carbon source.  Figure 16 shows an example of the 
verification of growth using CO2 evolution.   
The Durand Eastman Beach isolate demonstrated significant growth using TCS as 
the sole carbon source in Bushnell Haas medium.  With Lake Ontario water, which lacks 
the level of nutrients that Bushnell Haas has, growth was still much higher than the 
controls. 
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Figure 16. Durand Eastman A-TCS change in CO2 production using TCS as the primary carbon 
source and Bushnell Haas or Lake Ontario water as medium Durand Eastman beach isolate was 
inoculated into biometer flask with 48ml Bushnell Haas medium of Lake Ontario water medium, 1.0ml of 
cells and 1.0 ml of the TCS.  10ml of KOH was added to the side arm.  Flasks were incubated at 27 degrees 
Celsius for seven days.  The KOH was titrated with HCL on days 1,3,5 and 7 for carbon dioxide production. 
One control flask was created using the cells and Bushnell Haas. Another control flask was created using 
TCS and medium. 
 
Average growth rate and doubling time of top TCS and TCC degraders 
 
The doubling time is the time in which it takes for a bacterial population to double.  
The doubling times were slower than when bacteria are grown in optimum conditions 
because of the complexity of the TCS and TCC as a carbon source. E.coli can average 30 
minutes under optimum conditions.  The growth rates are shown in column three. 
Genesee River A-TCS had the highest growth rate of all utilizing TCS as the sole carbon 
source, at 0.043 day-1.  The lowest growth rate was seen with Webster-3-TCC utilizing 
TCC as its primary carbon source, which had a growth rate of 0.009 day-1. 
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Table 5. Average doubling time and growth rate of top TCS and TCC degraders in 
Lake Ontario and Hemlock Lake. Cell density was determined using measured 
absorbances at 600nm.  The absorbance data were plotted on a logarithmic growth curve.  
Standard logarithmic transformation was used to determine the most constant rate of 
growth.  
Isolates Doubling Time 
(hrs.) 
Growth Rate 
(hr -1) 
Wastewater 1-TCS 24.349 0.0285 
Wastewater 2-TCS 24.890 0.0278 
Wastewater 4-TCC 22.466 0.0309 
Wastewater-2-TCC 24.657 0.0281 
Durand Eastman 1-TCS 65.704 0.0110 
Durand Eastman A-TCS 40.202 0.0172 
Durand Eastman 4-TCS 49.796 0.0139 
Durand Eastman 1-TCC 22.828 0.0303 
Durand Eastman 2-TCC 26.273 0.0263 
Durand Eastman 3-TCC 26.005 0.0266 
Genesee River A-TCS 15.997 0.0433 
Genesee River B-TCS 28.187 0.0245 
Genesee River C-TCS 22.458 0.0308 
Genesee River 1-TCC 52.345 0.0132 
Hemlock Lake 1-TCS 75.608 0.0091 
Hemlock Lake 2-TCS 53.126 0.0130 
Hemlock Lake 3-TCS 54.144 0.0128 
Hemlock Lake 1-TCC 16.949 0.0408 
Hemlock Lake 2-TCC 42.979 0.0161 
Hemlock Lake 3-TCC 27.209 0.02521 
Webster 1-TCS 50.677 0.01367 
Webster 2-TCS 64.693 0.01071 
Webster 3-TCS 65.371 0.01060 
Webster 1-TCC 53.027 0.01306 
Webster 2-TCC 76.505 0.00900 
Webster 3-TCC 44.769 0.01547 
Northwest Quad 1- TCS 57.130 0.01213 
Northwest Quad 2- TCS 54.393 0.01274 
Northwest Quad 3- TCS 51.469 0.01346 
Northwest Quad 1- TCC 42.966 0.01612 
Northwest Quad 2- TCC 41.099 0.01686 
Northwest Quad 3- TCC 47.152 0.01469 
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Figure 17 shows the average combined growth rates of the TCS and TCC 
degraders for each of the sediment samples.  The Frank E. VanLare wastewater sediment 
isolates had the highest average growth rates utilizing TCS and TCC as a carbon source, 
at 0.0288 day-1.  The Genesee River Basin sediment sample was next at 0.0280 day-1.  
The Genesee River was high, but it should be noted that not as many isolates 
demonstrated positive growth and therefore fewer growth rates were included in the 
average.  The Northwest Quadrant and the Webster wastewater samples yielded the 
lowest average growth rates among all sediment samples.  Lake Ontario sediment 
samples yielded higher averages than Hemlock, Webster, and the Northwest Quadrant. 
 
 
Figure 17. Average Growth Rates for Lake Ontario and Hemlock Lake Isolates on TCS and TCC 
Cell density was determined using measured absorbances at 600nm.  The absorbance data were plotted on a 
logarithmic growth curve.  Standard logarithmic transformation was used to determine the most constant 
rate, or absorbance 600nm day-1, of growth using TCS and TCC as the only carbon source.  The average 
growth rate was determined for each growth rate and compared. 
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Antibiotic Resistance of top TCS and TCC degraders in Lake Ontario and Hemlock 
Lake 	  
Antibiotic resistance was measured using the Kirby Bauer method for each isolate.  
Figure 18 shows the zones of inhibition with the typical isolate from a pristine water 
source (left) and the zones of inhibition with the Wastewater 4- TCC isolate (right). The 
typical isolate has multiple large zones of inhibition while the wastewater isolate on the 
right has none. Table 6 shows the antibiotic resistance of the Frank E. VanLare primary 
effluent sediment isolates and their resistance to common antibiotics.  The zone of 
inhibition was measured and compared to the known resistance zones.  The isolates that 
were shown to have a resistance to a particular antibiotic are listed with an “R”.  The 
zones that were shown to have an intermediate resistance are listed with an “I”, and the 
zones that are susceptible to the antibiotic with an “S”.  
 
 
Figure 18. Example Mueller Hinton plates showing a typical antibiotic resistance (left) and the 
Wastewater-4-TCC and its resistance to antibiotics (right).  
 
Table 6 shows the primary effluent isolate’s resistance to antibiotics was 
significant.  Some more common antibiotics such as Penicillin, Oxacillin and Ampicillin 
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that are widely used did not affect the wastewater isolates.  Table 7 shows the antibiotic 
resistance of Durand Eastman Beach and the Genesee River isolates.   
 
Table 6. Top TCS and TCC degraders in Frank E. VanLare primary effluent 
sample and their resistance to common antibiotics. The antibiotic resistance is 
measured via zone of inhibition in millimeters.  Isolates were cultured in 10ml of TSB 
broth in sterile 125ml flasks and incubated for 24 hours at 35 C.  Each isolate was sterile 
swabbed onto Mueller Hinton plates. Antibiotic disks were evenly placed onto the 
Mueller Hinton plate with a dispenser.  The plates were incubated for 24 hours at 35 C.  
The zone of inhibition was compared to known antibiotic sensitivities.  “R” means 
antibiotic resistance, “I” means Intermediate antibiotic resistance, and “S” means 
susceptibility to the antibiotic.  
http://inst.bact.wisc.edu/inst/index.php?module=book&func=displayarticle&art_id=
135 
 Wastewater Isolates  
Antibiotics WW1-
TCS 
WW2-
TCS 
WW4-
TCC 
WW1-
TCC 
Control R R R R 
Streptomycin R R R R 
Chloramphenicol R R R R 
Clindamycin R R R R 
Tetracycline R R I I 
Rifampin R R R R 
Vancomycin R R R R 
Ciprofloxacin S R R R 
Ampicillin R R R R 
Penicillin R R R R 
Oxacillin R R R R 
Sulfamethoxazole R R S R 
Bacitracin R R R R 
Gentamicin R R R R 
Ceftriaxone R R S S 
Doxycycline R R R R 
Amoxicillin/Clav acid R I I R 
Azithromycin R R R R 
Polymyxin B R R R R 
Piperacillin R R R R 
Tobramycin S S R S 
Ticarcillin R R R R 
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Table 7. Top TCS and TCC degraders in the Durand Eastman Beach and Genesee 
River Basin sediment samples and their resistance to antibiotics. The antibiotic 
resistance is measured via zone of inhibition in millimeters.  Isolates were cultured in 
10ml of TSB broth in sterile 125ml flasks and incubated for 24 hours at 35 C.  Each 
isolate was sterile swabbed onto Mueller Hinton plates.  Antibiotic disks were evenly 
placed onto the Mueller Hinton plate with a dispenser.  The plates were incubated for 24 
hours at 35 C.  The zone of inhibition was compared to known antibiotic sensitivities. “R” 
means antibiotic resistance, “I” means Intermediate antibiotic resistance, and “S” means 
susceptibility to the antibiotic.  
http://inst.bact.wisc.edu/inst/index.php?module=book&func=displayarticle&art_id=135  
 
   Durand Eastman Beach 
Isolates 
 Genesee River Basin 
Isolates 
 Antibiotics DE1 
TCS 
DE4 
TCS 
DEA 
TCS 
DE1 
TCC 
DE2 
TCC 
DE3 
TCC 
GRC  
TCS 
GRBT
CS 
GR1  
TCC 
 Control R R R R R R R R R 
 Streptomycin R R R R R R R S R 
 Chloramphe
nicol 
R R R R R R R S R 
 Clindamycin R R R R R R R R R 
 Tetracycline R R I R R R R S R 
 Rifampin S R R R R R R I R 
 Vancomycin R R R R R R R R R 
 Ciprofloxacin S S R S S S S S S 
 Ampicillin R R R R R R R R R 
 Penicillin S R R R R R R R R 
 Oxacillin I R R R R R R R R 
 Sulfamethoxa
zole 
R R R R R R R R S 
 Bacitracin I R R R R R R R R 
 Gentamicin R R R R R R R R R 
 Ceftriaxone R R S R R R R R R 
 Doxycycline R R R R R R S R R 
 Amoxicillin/
Clav acid 
I R R I R I R R R 
 Azithromycin R R R R R R R R R 
 Polymyxin B R S R R R R R R R 
 Piperacillin R R S R S S S R S 
 Tobramycin R R R R R R R R R 
 Ticarcillin R R R R R R R R I 
 
The isolates were grouped together on the same table due to the sediment samples 
close proximity to one another and the fact that the Genesee River’s outflow ends up near 
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the Durand Eastman Beach sediments.  As with the wastewater primary effluent, 
significant resistance occurred.  All the isolates were resistant to the more common 
antibiotics such as Ampicillin, Penicillin and Oxacillin.  Interestingly, however, 
resistance was seen with Tobramycin and Ticarcillin, which are fairly new antibiotics and 
typically don’t have much bacterial resistance to them. 
Table 8 shows the Webster wastewater isolates and their antibiotic resistance.  
There continued to be resistance to the common antibiotics, Ampicillin, Penicillin and 
Oxacillin.  More susceptibility, however, was seen across the board with the Webster 
isolates.  Amoxicillin and Azithromycin had very little resistance. 
Table 9 shows the antibiotic resistance of the Northwest Quadrant isolates.  Most 
isolates were resistant to the older antibiotics, while little resistance occurred with 
Azithromycin.  The newer antibiotics, such as Tobramycin and Ticarcillin, also had 
resistance.  More intermediate antibiotic resistance occurred with the Northwest Quadrant 
isolates. 
Table 10 shows the antibiotic resistance of the isolates from the Hemlock Lake 
sediment sample.  More susceptibility occurred with these isolates.  Resistance did occur 
with some of the older antibiotics, such as Ampicillin, Penicillin and Oxacillin, and 
Ticarcillin had susceptibility with all isolates.  
Figure 19 shows the average resistance to antibiotics for each sediment sample, 
which partially takes into account the lower number of positive isolates found in Webster 
and the Genesee River Basin.  The Durand Eastman Beach and primary effluent sediment 
samples had the most antibiotic resistant TCC and TCS degraders.  Hemlock Lake’s TCS 
and TCC degraders demonstrated the least resistance.  
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Table 8. Top TCS and TCC degraders in the Webster sediment sample and their 
resistance to antibiotics. The antibiotic resistance is measured via zone of inhibition in 
millimeters.  Isolates were cultured in 10ml of TSB broth in sterile 125ml flasks and 
incubated for 24 hours at 35 C.  Each isolate was sterile swabbed onto Mueller Hinton 
plates.  Antibiotic disks were evenly placed onto the Mueller Hinton plate with a 
dispenser.  The plates were incubated for 24 hours at 35 C.  The zone of inhibition was 
compared to known antibiotic sensitivities. “R” means antibiotic resistance, “I” means 
Intermediate antibiotic resistance, and “S” means susceptibility to the antibiotic. 
http://inst.bact.wisc.edu/inst/index.php?module=book&func=displayarticle&art_id=135 
 
  Webster wastewater Isolates    
Antibiotics WebTC1 WebTCS2 WebTCS3 WebTC1 WebTC2 WebTC3 
Control R R R R R R 
Streptomycin R I R S S I 
Chloramphenicol R R R I S I 
Clindamycin R R R R S R 
Tetracycline R R R S R I 
Rifampin S S S S S S 
Vancomycin R R R R R R 
Ciprofloxacin S S S S S S 
Ampicillin R R R I R I 
Penicillin R R R R R R 
Oxacillin R R R R R R 
Sulfamethoxazole R R R I I I 
Bacitracin R R R R R R 
Gentamicin S S S S S S 
Ceftriaxone S R S S R S 
Doxycycline R R S R S R 
Amoxicillin/Clav 
acid R R S S S S 
Azithromycin S R S S S S 
Polymyxin B R R S R S R 
Piperacillin S R S R S S 
Tobramycin R R S R R R 
Ticarcillin I R S I R S 
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Table 9. Top TCS and TCC degraders in the Northwest Quadrant sediment sample 
and their resistance to antibiotics. The antibiotic resistance is measured via zone of 
inhibition in millimeters.  Isolates were cultured in 10ml of TSB broth in sterile 125ml 
flasks and incubated for 24 hours at 35 C.  Each isolate was sterile swabbed onto Mueller 
Hinton plates. Antibiotic disks were evenly placed onto the Mueller Hinton plate with a 
dispenser.  The plates were incubated for 24 hours at 35 C.  The zone of inhibition was 
compared to known antibiotic sensitivities. “R” means antibiotic resistance, “I” means 
Intermediate antibiotic resistance, and “S” means susceptibility to the antibiotic. 
http://inst.bact.wisc.edu/inst/index.php?module=book&func=displayarticle&art_id=135 
 
 Northwest Quadrant Isolates 
Antibiotics NWTCS1 NWTCS2 NWTCS3 NWTCC1 NWTCC2 NWTCC3 
Control R R R R R R 
Streptomycin S S S S S R 
Chloramphenicol I I I I S R 
Clindamycin R R R R S R 
Tetracycline S R R S S S 
Rifampin S S S S S S 
Vancomycin R R R R R R 
Ciprofloxacin S S S S S S 
Ampicillin R R R S I R 
Penicillin R R R R R R 
Oxacillin R R R R R R 
Sulfamethoxazole R R R R I R 
Bacitracin R R R R R R 
Gentamicin S R R R S R 
Ceftriaxone R R R R S R 
Doxycycline S R R R S R 
Amoxicillin/Clav 
acid R R R S S R 
Azithromycin I S S S S S 
Polymyxin B S R R S S S 
Piperacillin R S R S S S 
Tobramycin R R R R R R 
Ticarcillin I R R S I I 
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Table 10. Top TCS and TCC degrades in the Hemlock Lake sediment sample and 
their resistance to common antibiotics. The antibiotic resistance is measured via zone 
of inhibition in millimeters.  Isolates were cultured in 10ml of TSB broth in sterile 125ml 
flasks and incubated for 24 hours at 35 C.  Each isolate was sterile swabbed onto Mueller 
Hinton plates.  Antibiotic disks were evenly placed onto the Mueller Hinton plate with a 
dispenser.  The plates were incubated for 24 hours at 35 C.  The zone of inhibition was 
compared to known antibiotic sensitivities. “R” means antibiotic resistance, “I” means 
Intermediate antibiotic resistance, and “S” means susceptibility to the antibiotic. 
http://inst.bact.wisc.edu/inst/index.php?module=book&func=displayarticle&art_id=135 
 
 Hemlock Lake Isolates 
Antibiotics HemTCS1 HemTCS2 HemTCS3 HemTCC1 HemTCC2 HemTCC3 
Control R R R R R R 
Streptomycin S S S S S S 
Chloramphenicol S S S S S S 
Clindamycin S R R S R R 
Tetracycline R S R R S R 
Rifampin S S S S S S 
Vancomycin R R R I R R 
Ciprofloxacin S S S S S S 
Ampicillin R R R R R R 
Penicillin R R R R R R 
Oxacillin R R R R R R 
Sulfamethoxazole S S R R R R 
Bacitracin R I R R R R 
Gentamicin S S S S S S 
Ceftriaxone S S S S S S 
Doxycycline S I S R I R 
Amoxicillin/Clav 
acid R S S R S S 
Azithromycin S S S S S S 
Polymyxin B S S S S S S 
Piperacillin S R S S S S 
Tobramycin R R S I R R 
Ticarcillin S S S S S S 
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Figure 19. Percent of antibiotics that isolates demonstrated resistance for each sediment source.  The 
zones of inhibition were compared to those of known resistance.  The number of positive resistance was 
tallied and averaged using total antibiotic sensitivities tested. 
 
Both the primary effluent and Durand Eastman beach isolates had the highest 
growth rates, as well as the most resistance to common antibiotics, based on percent 
change.  Hemlock Lake and the Webster wastewater isolates had the lowest growth rate 
and least antibiotic resistance.  Both growth rates and antibiotic resistance had a similar 
slope when compared against one another, demonstrating a close relationship between the 
two. 
Optimum TCS and TCC concentrations for degradation 
 
The dominant concentration tested (5mg/L) was determined via preliminary 
experimentation, as well as the most cited concentration in the literature.  Figure 20 
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shows one preliminary experiment involving the Durand Eastman Beach isolate with the 
highest rate of TCS degradation.   
 
Figure 20. Example Concentration Curve with Durand Eastman A-TCS 
The isolates were cultured in TB dry for 3 days, then centrifuged at 13,000 rpm for 5 minutes and 
resuspended in 1ml of Bushnell Haas.  Culture conditions were 9.6ml Bushnell Haas medium in a 125ml 
flask, 0.2ml cells, and 0.2ml of Triclocarban/Ethanol at 5, 25, 50 and 100mg/L.  Cultures were incubated at 
27 degrees Celsius shaking at 140rpm.  0.3ml of culture was removed at various times, diluted with 1.2ml 
sterile Bushnell Haas medium and the absorbance was read at 600nm.  
 
 
As shown, the highest absorbance (which is equal to the highest turbidity and 
therefore highest growth) is at 5mg/L TCS.  Interestingly, however, there was still 
significant growth at 25, 50, and 100mg/L.  Growth was almost equivalent at the three 
latter concentrations, but began to taper off after day 7 at 100mg/L.  Most other isolates 
studied were not able to degrade TCS at 100mg/L, but were in fact able to grow mildly at 
concentrations 50mg/L or less.  
Not all isolates, however, had an optimum degradation rate of 5mg/L.  One 
example is Figure 21, showing isolate Durand Eastman 2-TCC, which clearly shows an 
increase in turbidity as concentrations of TCC increase to 25mg/L concentration.   
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Figure 21. Growth curve of Durand Eastman 2-TCC with the control (5mg/L TCC in 10ml BH) 5, 10, 
and 25 mg/L TCC. 
The turbidity was reduced with concentrations greater than 25mg/L of TCC with 
this isolate was reduced, with no growth at 100mg/L.  While various optimum 
concentrations occurred, the one most studied and close to those found in the 
environment was 5mg/L.	  
Discussion 
 
Triclosan and Triclocarban are used in a wide range of products, and have been 
used to treat MRSA outbreaks.  It is thought that the low susceptibility of bacteria to 
antiseptics, such as TCS and TCC, may also contribute to common antibiotic resistance 
mechanisms, also known as cross-resistance.  Due to the proximity of Lake Ontario to 
RIT, as well as it being known to harbor TCS and TCC, it was an ideal location to test 
TCS and TCC cross-resistance with common antibiotics.  In order to draw any 
conclusions about the cross-resistance in Lake Ontario, large scale testing of isolates 
from a variety of sediment sources in Lake Ontario were needed.  In addition, an 
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alternative, more pristine sediment source was needed for comparison, such as Hemlock 
Lake. 
Isolate Characteristics and Growth 
 
All sediment samples in Lake Ontario had both TCS and TCC degraders present 
after enrichment. Not all isolates showed exceptional growth and those were discarded. 
Only two Frank E. VanLare primary effluent isolates were able to biodegrade TCS, and 
two different isolates were able to biodegrade TCC.  Only one Genesee River Basin 
isolate was able to degrade TCC.  All other sediment samples had multiple TCS and TCC 
degraders, and three were chosen from each sample as the most growth utilizing TCS and 
TCC, to be used as sole carbon sources.   
The Durand Eastman Beach sediment sample had the highest number of TCS and TCC 
degraders to choose from, with all but one isolate studied able to degrade the two carbon 
sources efficiently.  Again, only three of the highest degraders were chosen.  Some 
isolates enriched with TCS and TCC had little growth utilizing the carbon sources and 
survived exposure.   
Following the TCS and TCC enrichment, a lower diversity of bacterial 
morphology was seen.  TCS and TCC are antiseptics, with the main purpose in soaps and 
detergents of limiting bacterial growth.  It makes sense that microbial survival in their 
presence would be limited.  The morphology that was most present after enrichment was 
small, round, Gram-negative colonies.  The distinctive feature of Gram-negative bacteria 
is the presence of a double membrane surrounding each bacterial cell.  Although all 
bacteria have an inner cell membrane, Gram-negative bacteria have a unique outer 
membrane containing lipopolysaccharide.  This outer membrane excludes certain 
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antiseptics and antibiotics from penetrating the cell, partially accounting for why Gram-
negative bacteria are generally more resistant to antibiotics than Gram-positive bacteria.  
In addition, Gram-negative bacteria, more often rod shaped, are often found in water 
sources and therefore it’s not surprising to find them in the water/sediment sources in 
Lake Ontario and in the primary effluent. 
Isolates able to biodegrade TCS and TCC were scaled up in 125ml flasks for 
quantification of growth.  TCS and TCC had to be dissolved in ethanol because of their 
partially hydrophobic properties, otherwise they would primarily reside above the 
Bushnell Haas medium, and would have a decreased bioavailability for degradation.  A 
control was used with ethanol and the isolate to make sure the isolate wasn’t utilizing 
ethanol as its primary carbon source.  Every isolate examined had higher absorbance 
values with TCS and TCC added than the control.  Exponential growth was seen 
primarily from days 1 through 3, and then the growth began to taper off.  After 5 days, 
the carbon source was likely biodegraded, and starvation began to occur.   
Variation occurred in maximum absorbances for each isolate, which may 
represent a higher or lower affinity for the carbon source.  Hemlock Lake isolates had 
lower maximum absorbances, and therefore a lower maximum population density.  It’s 
likely that they were only able to partially degrade the carbon sources and therefore 
unable to produce enough energy, while also producing secondary organic metabolites, 
which inhibited future growth.  Durand Eastman Beach and other Lake Ontario isolates 
had very high population densities, meaning they may have been able to fully degrade the 
organic compounds. 
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The optimum concentrations were different for each organism.  No relation could 
be made with the optimum concentrations for each sediment samples, only individual 
isolates.  While most organisms grew well at 5mg/L, some were able to grow at much 
higher concentrations.  As the amount of carbon source in the form of TCS and TCC 
increased, an increase in growth was typically observed. Sometimes, however, the higher 
concentrations, such as 100mg/L, stimulated less growth, possibly because of the increase 
in exposure to the toxic halogenated side chains before the organisms could break them 
down, and again secondary organic metabolites.  In the environment, however, 
concentrations were equivalent to 5mg/L, and in order for concentrations to reach as high 
as 100mg/L, a spill of detergent or soap would likely have had to occur. 
Growth Rates and Doubling Times 
 
The growth rates (rate of biodegradation of TCS and TCC per hour) and doubling 
times (time it takes the population to double) were examined for each isolate and 
compared with each sediment sample.  The growth rates and doubling times were less 
than those that would be typically seen with bacteria under optimum conditions.  
Although Bushnell Haas has growth nutrients, TCS and TCC are not optimum carbon 
sources.  Antiseptic degradation typically occurs slowly because of the complexity of the 
molecules size and shape. TCS and TCC are halogenated compounds, therefore it may 
take time to break down the chlorines before the compound can be broken down 
completely.  
The average growth rates from the isolates in each sediment source were averaged 
for comparison.  The average rate of biodegradation from the isolates in the primary 
effluent and Genesee River Basin were the highest, as well as high populations densities.  
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Both sediment samples, however, yielded lower numbers of total TCS and TCC 
degraders than the other samples, and therefore the average was taken from a smaller 
sample size.  The primary effluent is the sewage prior to biological treatment using 
activated sludge at the treatment plant.  It is basically raw sewage without the large 
suspended organic matter.  Microbes that are able to degrade TCS and TCC are likely to 
have survived constant exposure in the sewage treatment system.  Because Frank E. 
VanLare also treats millions of gallons of commercial, domestic, and hospital wastes, it is 
likely that antibiotic resistance organisms may already be found throughout the 
wastewater treatment system.  
The Genesee River Basin flows into Lake Ontario, and receives run-off from the 
city of Rochester, as well as upstream farmland.  The urban run-off contains domestic 
and commercial soaps and detergents that also flow into the river.  The accumulation of 
these compounds at the river basin contribute to antiseptic and antibiotic resistant 
organisms, and therefore it is not surprising to find higher biodegradation rates in isolates 
at the river basin sediment sample. 
Out of the sediment samples, the Durand Eastman Beach had the highest growth 
rates and the highest maximum population densities utilizing TCS and TCC.  There were 
also more total TCS and TCC degraders in the Durand Eastman Beach sediment sample,.  
The beach receives effluent from Frank E. VanLare, outflow from the surrounding lakes, 
and flow from the Genesee River.  The bioaccumulation of TCS and TCC in the 
sediments likely occurs from the constant input from surrounding contaminated water 
sources.  Exposure of the microorganisms to TCS and TCC is expected to be very high, 
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and finding organisms that have adapted to degrade these carbon sources well is also 
expected, which was consistent with the results. 
Hemlock is the more pristine water source.  Theoretically, lower inputs of TCS 
and TCC occur in Hemlock Lake, and therefore lower exposure to microorganisms.  The 
lower exposure should yield lower numbers of degraders, and lower maximum 
population densities. The organisms that can innately degrade these carbon sources would 
also be expected to biodegrade them at lower rates.  The maximum population densities 
of the isolates when degrading TCS and TCC were, in fact, much less than the isolates 
found in other sediment samples.  Surprisingly, however, more TCS and TCC degraders 
were found in comparison with the wastewater primary effluent and the Genesee River 
Basin sediment samples.  Hemlock Lake’s isolate growth rates were also surprisingly 
higher than the Northwest Quadrant and the Webster sediment samples.  
Lower maximum absorbances usually mean lower population densities.  Maybe 
the isolates in Hemlock Lake were able to partially degrade TCS and TCC but eventually 
became overwhelmed by the toxicity and the production of secondary metabolites that 
they were unable to grow.  Regardless, the fact that even partial resistance occurs in a 
pristine water source questions the significance of the compounds in soaps and detergents 
in general.	  With little bacterial exposure to TCS and TCC overtime, the bacteria in 
Hemlock Lake didn’t acquire the resistance mechanisms through adaptation, but they did 
contain an innate partial resistance to them. The discovery of bacteria that are innately 
resistant to TCS and TCC in a pristine water source with little exposure gives evidence to 
the lower effectiveness of these compounds as biocides. 
	  	   63	  
The Northwest Quadrant and Webster sediment samples had the lowest rates of 
degradation among all sediment samples.  Although both sediment sources are outside of 
domestic wastewater plants that contribute TCS and TCC in their effluent, the volume of 
domestic sewage is much less than Frank E. VanLare, and no hospital wastes or farm 
wastes are treated.  The inputs of TCS and TCC would assume to be lower due to a 
significantly lower volume of water leaving the plant and the lack of hospital wastewater.  
Antibiotic Resistance of the top TCS and TCC degraders 
 
All isolates were resistant to a number of common antibiotics tested.  The more 
common antibiotics, such as Ampicillin, Penicillin, and Oxacillin had resistance from 
most of the TCS and TCC degraders.  The Durand Eastman Beach and Genesee River 
sediment samples contained isolates that were generally more susceptible to antibiotics. 
Relationships were in fact seen with the top TCS and TCC degraders in their respective 
water sources, and the resistance to antibiotics.  
Figure 19 shows the percent of antibiotics that TCS and TCC degraders 
demonstrated resistance to, from each sediment sample.  Durand Eastman Beach 
contained isolates that were resistant to the highest percentage of antibiotics, with almost 
95% resistance.  Second to that, the primary effluent, before biological treatment, had 
almost 90% resistance.  Interestingly, higher percentages were seen outside of the 
treatment plant than within, which may be caused from increased exposure from the 
bioaccumulation of antiseptics, and also some antibiotics.   
The Genesee River Basin TCS and TCC degraders also had high levels of 
antibiotic resistance, almost similar to that of the wastewater, which contains raw hospital 
wastes.  TCS and TCC are found in the highest concentrations in the Great Lakes, and are 
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the closest compounds structurally and complexity to that of antibiotics, and therefore 
likely are the cause for the cross-resistance.  
Hemlock Lake had the lowest percentage of resistance compared with the other 
sediment samples.  It also had the lowest maximum population densities utilizing TCS 
and TCC as the sole carbon source.  The isolates were likely able to partially degrade 
TCS and TCC, but the inability to fully degrade complex organic molecules make them 
more susceptible to antibiotics. 
Conclusion and future applications 
 
The Genesee River likely has antibiotic input from the movement of antibiotics in 
animal feed contained in runoff from upstream farms, and significant TCS and TCC 
resistance as well as antibiotic resistance occurred.  The primary effluent and the Durand 
Eastman Beach isolates, which likely were exposed to higher concentrations of TCS and 
TCC from the large volume of water leaving Frank E. VanLare treatment plant, and 
where the compounds likely accumulated in the sediments, had significant resistance to 
TCS, TCC and antibiotics.   
The Northwest Quadrant and Webster sediment samples, which likely have little 
antibiotic input from the lack of hospital waste being treated at the plant, still had 
significant TCS, TCC AND antibiotic resistance.  The occurrence of significant antibiotic 
resistance with likely little bacterial exposure to antibiotics means bacteria didn’t evolve 
the resistant mechanisms from the antibiotics themselves, but likely from other sources. 
The fact that these isolates are also significantly resistant to TCS and TCC, yields 
evidence that the possibility of cross-resistance is occurring.  
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Little to no volume of treated wastewater flows into Hemlock Lake , and because 
it is largely underdeveloped it likely receives much less runoff. Hemlock Lake likely has 
less bacterial exposure to TCS, TCC and antibiotics. Hemlock Lake had large numbers of 
isolates that could only partially degrade TCS and TCC, and much less antibiotic 
resistance. The general lack of complete resistance mechanisms to these compounds 
combined with the lack of exposure yields evidence that without constant input and 
bioaccumulation of TCS, TCC and antibiotics, complete resistance to them is not likely 
to occur.  
These data demonstrate that because of cross-resistance, antiseptic resistance and 
antibiotic resistance is likely to occur in treated wastewater, as well as naturally flowing 
water, although it’s debatable which antibacterial treatment causes resistance to the other.  
A possible relationship is seen between TCS and TCC exposure and antibiotic resistance, 
and vice versa.   
Additional experimentation was conducting to determine if the TCS and TCC 
degrading organisms could effectively break down other recalcitrant compounds in the 
Great Lakes.  Growth utilizing only Ibuprofen as the sole carbon source, which is a major 
pharmaceutical drug present in the Great Lakes, was seen over extended periods of time 
(15 days).  Maximum absorbances, however, did not exceed 150au over the 15 day 
period, and therefore affinity using ibuprofen was minimal (likely only partially 
degraded).  In addition, isolate growth occurred while ampicillin was inoculated into the 
growth medium (using TCS and TCC as a carbon source) with Durand Eastman Beach 
isolates.  The isolates may not have been able to directly degrade ampicillin, but could 
easily survive exposure.  It may be possible to isolate TCS and TCC degrading bacteria 
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and use them for future pharmaceutical degradation if in-fact they are enriched with the 
antibiotic and are not susceptible to them. 
Additional treatment will likely have to occur at the wastewater treatment plants.  
After primary and secondary treatments, the majority of the organic carbon sources have 
either been degraded into dissolved organic carbon or have settled into the sludge.  An 
additional aerated tank (Figure 22) can be added as a tertiary treatment, with a special 
inoculum of TCS and TCC degraders that have little or no resistance to antibiotics (such 
as Hemlock Lake isolates). 
 
. 
Figure 22. Example of an aerated wastewater treatment tank 
 
The inoculum would break down not only TCS and TCC, but other recalcitrant 
compounds also.  The tertiary tank would have to be separate from the primary treatment 
system, because the retention time must be longer.  The complex molecules would take 
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longer to break down than simple organic compounds, even under optimum growth 
conditions, and therefore would need additional hydraulic retention times.  
The resulting sludge would have to settle and be processed further, without the 
possibility of the antiseptics and antibiotics leaching back into the surrounding tributaries. 
An anaerobic digester would be able to process the sludge sufficiently.  Any residual 
sludge would likely contain so little TCS and TCC that the normal flora in a landfill 
would break down the remainders and prevent any from ending up in our water supplies.  
A reduction in antiseptics and pharmaceuticals could lower bacterial exposure, and make 
them more effective as biocides.  
TCS and TCC are too common in soaps and detergents, and their effectiveness as 
antibacterial agents is questionable.  The information listed in this thesis demonstrates the 
possible increase in antibiotic resistance caused by the overexposure of TCS and TCC 
and cross-resistance.  Simple, more organic soaps and detergents that are structurally 
different than antibiotics will be less likely to allow bacteria to build up a tolerance to 
them. They are just as effective and don’t contribute to the ever growing problem of 
antibiotic resistant organisms	  (Sarah Janssen, 2010). 
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